ituiiLan upn MHdiiiidi iv, mj -jiri 

© 1999 Stockton P«ss All rights restored 0144 - 5952/39 512,00 


I'ttp:/ /wtm.sic elite n-p rcss ,c o-ufc/tiet 



different methods 


Gerhard Scherer* 4 , Iimtrud Megei-Kossien 1 , Kirsten Riedel 1 , Thomas Renner 4 and Michael Meger 1 
l Analytisch-bioiogischesFoi-schungslabor Miinchen (ABF), Goethestrasse 20, D-80336 Milnchen, Germany 


In order to elucidate the role of exposure to environ¬ 
mental tobacco smoke (ETS) in various acute and 
chronic illnesses in children, it is important to assess 
the degree of exposure by suitable methods. For this 
purpose, we determined the exposure to ETS in 39 
children [4—15 yearsl and 43 adults (16+ yearsi by 
questionnaires, personal diffusion samplers for nico¬ 
tine, and cotinine measurements in saliva and urine. In 
addition, the influence of the smoking status and the 
location of the home (urban or suburban) on the 
benzene exposure of the children was investigated. 
On average, the 24 children living in homes with at 
least one smoker were exposed to ETS for 3.1 h/d. This 
is significantly longer (P< 0.001) than the daily 
exposure lime of the 15 children from nonsmoking 
homes (0.3 h/d). The nicotine concentrations on the 
personal samplers worn over 7 days were 0.615 and 
0.046 fi g/m 3 for children f rom smoking and nonsmok¬ 
ing homes, respectively (P <0.001). Average salivary 


Introduction 

Exposure of children to environmental tobacco 
smoke (ETS) has been implicated with the 
development of respiratory symptoms end ill¬ 
nesses, impaired pulmonary function or lung 
growth, and middle oar effusion . 1 A correct and 
practicable assessment of the exposure dose is 
required in. order to elucidate the role of ETS 
exposure in the development of these diseases. 
The smoking status of the spouse has been most 
commonly used as an indicator for ETS exposure 
in epidemiological studies when studying out¬ 
comes with a long latency period . 5 In studies with 
children, the smoking habit of the parents, 
particularly maternal smoking , 3 - 5 would be the 
equivalent. Questionnaires in which the duration 
and extent of ETS exposure are reported can 
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cotinine levels were 1.95 ng/inl in children from 
smoking homes and 0.11 ng/ml in children from 
nonsmoking homes (/*<O.OI). The corresponding 
urinary cotinine levels were 29.4 and 4.5 ng/mg 
creatinine (P< 0 . 001 ). There was no difference in the 
extent of ETS exposure between children and adults 
from smoking households. Adults from nonsmoking 
homes tended to have higher ETS exposure than 
children from nonsmoking homes. 

Exposure to benzene, which was determined by means 
of personal samplers, measurements of benzene in 
exhaled air and of the urinary benzene metabolite 
trails, frans-muconic acid, was not significantly 
related to the smoking status of the home but primarily 
dependent on the location of the home. 


Keywords: environmental tobacco smoke; children; cotinine; 
benzene; personal sampler 


supply information on the more recent exposure . 5 - 6 
For preschool-children, their parents most often 
supply this information. Stationary measurements 
of nicotine in different environments represent 
indirect assessment methods for ETS exposure . 5 
The most important environment for children is 
certainly' their home. A more direct exposure 
assessment can be performed by using personal 
samplers for nicotine . 2 Passive diffusion samplers 
for nicotine 7 work without a pump, are light¬ 
weight and thus most suitable as personal 
monitors for children. Cotinine in body fluids is 
a suitable biomarker for ETS exposure - 03 Body 
fluids which are non-invasively available, such as 
saliva and urine, are considered to be most 
appropriate for studies with children. 

The purpose of our study was to determine the 
extent of children's exposure to ETS by the 
assessment methods mentioned above and to 
compare it to the ETS exposure- of adults. In 
addition, tha benzene exposure was measured by 
personal monitors and biomonitoring. The relation 
between the extent of benzene exposure and the 
smoking status as well as the location of the home 
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Mffitliods monitors or deposited in the living room over 7 

■ days. Nicotine analysis was performed as described 

Study design and subjects by Ogden and Maiolo. 7 The detection limit was 

he study has been described previously. 10 The 0.01 pg/ra a . Benzene was collected on passive 

original aim was to determine the contribution of diffusion samplers (ORSA 25, Drager AG, Liibeck, 

ETS and other sources to the benzene exposure in Germany) worn by the nonsmokers as personal 

adults and children. In this paper, the ETS exposure monitors over 7 days and afterwards stored at 

situation of children was evaluated. Briefly, 20 —25°C in sealed glass vials covered with alumi- 

households with at least one smoker ('smoking nium foil. Benzene analysis was performed accoid- 

home’) and ten households without smokers (“non- ing to the NIOSH method 11 by GC/MS (Hewlett 

smoking home 1 ) located in the city and suburbs of Packard, Model 589o/Series II coupled with a mass 

Munich were investigated. Each household had at selective detector Model MSE 59 72) using ‘cold on- 

least three members aged ^ 4 years who participated column’ injection (Gerstel. Model GC 6105-99, 

in the study. Altogether, 82 nonsmokers, of whom Milhlheim, Germany). The detection limit was 

39 were 4—15 years-old, participated. Passive 0.3 pg/m J . 

diffusion samplers for nicotine and benzene were 
placed in the living room for a 1-week sampling Biomanitaring 

period. All subjects wore the same type of passive Saliva samples were collected using cellulose 

sampler for 7 days during the daytime and placed dental swabs sealed in hygienic vials (Salivetten, 

the samplers on a bedside table at night. During the Sarstedt, Numbrecht, Germany). After chewing 

first and second visit (7 days later) to the household, for 2 min, the swab was returned to the vial 

saliva, spot urine, and exhalate samples were which was sealed and stored at — 20°C prior to 

collected from each subject. Since similar results analysis. Cotinine in saliva and urine was 

were obtained from both visits, only the results of determined by radioimmunoassay (RIA) accord- 

the second visit are reported here, ing to the method of Langone et al.,' 1 modified 

by Haley et al. 13 The detection limits were 
Questionnaire 0.1 ng/ml for cotinine in saliva and 0.5 pg/g 

Each subject completed a questionnaire on their creatinine for urinary cotinine. For benzene 

exposure to ETS. Younger children were assisted by determination, exhaled air (1-2 1 in 2 min.) was 

their parents. Time, duration, and intensity of each sampled using a modified device originally 
exposure was recorded on separate sheets, struc- described by Raymer et ah 1 * and modified by 
tuie don an hourly basis for each of the 7 study days. us. 15 The limit of detection was 0.4 pg/m 3 . 
The intensity was classified by the subject as low Urinary Irons, frans-muconic acid was deter- 

(score=l), medium (=2] and high (=3). An intensity mined by GC/MS (Hewlett Packard GC Model 
score of the exposure was calculated by multiplying 5890/Seiies II with a mass selective detector 
the duration (h/d) with the corresponding intensity. MSD 5972, Waldbronn, Germany) as described 

elsewhere. 1 ' The limit of detection was 0.01 mg/g 
Air measurements and personal monitoring creatinine. Urinary creatinine was determined by 

Nicotine was collected on passive diffusion sam- the Jaffe method using a commercial test kit 
piers, which were worn by the subjects as personal (Merck AG, Darmstadt, Germany). 


Table 1 ETS exposure of children and nonsmoking adulls classified according to smoking status of their home 

Maons /Medians) (Ranges) 

Nonsmoking homes Smoking homes 

Children (n=I5J Adulls (h=2411 Children (h =24) Adults (n -19} 


Age (years) 11.1 111) (4 — 15) 38.4 L43] (IS —53) 8.2 [8.5) (4-14)*' 35.9 [36] (16-02) 

Nicotine in the living 0.025 [0.03] (nd b -0.06) 0 02 [0.01] (nd-0.06) 4.17 [1.041 (0.20-34.6)*'* 4.11 [0.70] (0.20-23.2) 

room (pg/ni 3 ) 

ETS exposure duration 0.33 [0.30] 10,0-1,0} 0.77 [0-451 (0.0-3.5) 3.14 [2.18] (0.0-11.4)*** 3.15 [2.301 [0.0-13.4] 

(h/d) 

ETS exposure intensity 0.43 [0.4] (Q.O-1.0) 1.25 10.6] ( 0 . 0 - 5.9; 3.60 [2.80] (0.0-1S.D)*** 4.67 [3.90| (0.0-23.5) 

(score) 

Nicotine on. the personal 0.049 [0.025] (nd-0-24) 0.19 [0.100] (nd-1.10)* 0.B15 [0.285] jO.05-4.lG)*** 0.93 [0.4001 [0.03-4.57] 

sampler jpg/® 3 ) 

Cotinine in saliva (ng/mll 0.11 [nd] (nd-0.45) 0.40 ]0.15] (nd-2.4) 1.95 [1.05] (nd-8.3)*** 1.52 [0.90] (ad-6.0) 

Cotinine in urine 4.5 [2.4] (0.28-27.8) 3.2 [4.S] (nd-26.4) 29.4 [9.1] (2.2-159)*** 19.4 [13.1] (3.5-68.2) 

Ivg'g creatinine) 

'Mann-Whitney rank sum tost for differences compared to children 6om nonsmoking homes: *P<0.05. ***P<0.001: significance levels 
for differences between adulls from smoking homes and children or adults from nonsmoking homes are not shown, ^rid: not detectable, 
for Umite of detection (LOD) see Methods section 
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Statistical analysis 

Since most of the variables deviated from a normal 
distribution, the Meim-Whitney rank sum test was 
used for comparison of groups. 

Results 

The means, medians and ranges for ihe ETS 
exposure markers of children and adults determined 


Tabic 2 Ratios (smoking homes/nonsmokfng, homes) of the 
medians of ETS exposure markers for children and adults 



Children 

zidu/fs 

Nicotine In the living room (/rg/nv 1 ) 

34.7 

7Q.0 

ETS exposure duration (h/d) 

7.0 

6.4 

ETS exposure intensity (score) 

7.0 

6.5 

Nicotine an the personal sampler Oig^m 5 ) 

11.4 

4.0 

Cotinine in saliva (ng/ml) 

- 

6.0 

Cotinine in urine frrg/g creatinine} 

3.G 

2.7 


Table 3 Pearson coefficient of correlation between self-reported 
aiui measured ETS exposure markers for children and arlultw 
from smoking and nonsmoking homes 


Measured ETS 
exposure markers 

Self-reported extent of ETS 
exposure 

Duration 

(h/d) In tensity-score 

Children (n=39) 



Nicotine on personal 
sampler (;ig/m 3 ) 

0.56***“ 

0.48** 

Cotinine in saliva [ng/ml) 

0.53*** 

0.4fl* * 

Cotinine in urine 
[i(g/g creatinine) 

Adults (n=43) 

0.80*** 

0.7G*** 

Nicotine on personal 
sampler frig/m’ 1 ) 

0.30* 

0.36* 

Cotinine in saliva (ng/mli 

Q.2& 

0.30* 

Cotinine in urine 
frig/g creatinine) 

0.58*** 

0.50*** 


"Levels of statistical significance: *P<0.05, **P<0.01, 

***p<o.ooi 


in this study are shown in Table 1, Children from 
smoking homes were, on average, about 3 years 
younger than children from nonsmoking homes. 
Both, the self-reported extent of ETS exposure (i.e. 
duration and intensity of ETS exposure] and the 
objectively measured ETS exposure markers, were 
significantly higher [PcO.OGt) for children from 
smoking homes compared to children from non¬ 
smoking homes. The ratio of the medians for 
children between the two types of homes ranged 
.from 3.8 for cotinine in urine to 11.4 for nicotine on 
the personal samplers (Table 2 ], For adults, the ratio 
ranged from 2.7 for urinary cotinine to 6.5 for the 
score of ETS exposure intensity. The ratio between 
the median nicotine concentrations in the living 
rooms of smoking and nonsmoking homes was 34.7 
For children and 70.0 for adults. The ETS exposure 
levels of adults from smoking homes were not 
significantly different from that of children from 
smoking homes. The individual ETS exposure levels 
of adults from nonsmoking homes tended to be 
higher than those of children from nonsmoking 
homes. For nicotine on the personal samplers, the 
difference was statistically significant (P<0.05). 

There was a significant correlation between the 
measured ETS exposure markers and the self- 
reported extent of ETS exposure {Table 3]. For 
children, the correlation was somewhat stronger 
between the ETS exposure markers and the reported 
duration of ETS exposure than, between the markers 
and the self-estimate for the ETS exposure intensity. 
For adults, the observed correlations were weaker 
titan for children. For both children and adults, the 
strongest correlation was found between urinary 
cotinine levels and the reported ETS exposure 
duration. Exposure of children to benzene tended 
to be higher when living in a smoking home and 
when the home was located in the urban area of 
Munich (Table 4). However, there was a large inter¬ 
individual variation in ben 2 ene exposure levels. The 
differences in benzene exposure levels between 
children from smoking and nonsmoking homes were 


Table 4 Benzene exposure of children according to smoking status and Eocation of their home: Means [Medians! (Ranges) 



Benzene on personal 
samplers fpg/m 3 ] 

Benzene in 
exhalate (pg/m :i ) 

l,t-Muconic add in 
urine (pg/g creat.) 

Smoking status ot’ the home 

Nun smoking (n=15) 

19.7 [5.9] 

2.1 [1.3] 

112 [62] 

(3.5-129.4) 

[nd" —10.51 

4* 

o 

1 

N 

& 

Smoking (n=24) 

11.5 [12.6| 

3.6 [1.9] 

130 [85] 

(1.6-32.6) 

lnd-21.2) 

(40-402) 

Location of the home 

Suburban (n=2l) 

8.6 [4.ll 

2.4 [D.S] 

115 [6a] 


[1.6-32.6] 

(nd-21.2) 

(40-402) 

Urban (n=18) 

19.6 112.3] b 

3.6 [2.71” 

133 [B5] 


(4.5-129.4) 

(0.6-14.9) 

(50-33U) 


B nd: not detectable, for limits of detection (LOD) see Methods section, bvlar.n Whitney rank sum test for differences between children 
living in urban and suburban homes: *P<0.05; differences in benzene exposure levels between children living in nonsmoking and 
smoking homes were not significant 


living in urban and suburban homes: r P <0.05; differences in benzene exposure levels between children living in nonsmoking and 

hrsotoc warn "z-i 
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not statistically different. Children living in urban 
homes had, on average, significantly higher 
(P<0.05) benzene levels on their personal sampler 
end showed significantly higher (P<0,05) benzene 
concentrations in their exhalate than children from 
suburban homes. The strata ‘urban/suburban’ and 
‘smoking/nonsmoking’ was equally distributed in 
the study population: 47% (7 of 15) of children from 
nonsmoking households lived in an urban home. 
The corresponding figure for smoking households 
was 46% (11 of 24). 62% (13 of Zl) of children living 
in the suburbs, had a smoking home. The corre¬ 
sponding figure for children from urban homes is 
61% (11 of 18). 


Discussion 

Our results clearly show that the home is the most 
important source for children’s exposure to ETS. 
This confirms findings of earlier studies. A 
survey in West Germany in 1987 has shown that the 
prevalence of B —13 years old children with at least 
one smoking household member is 67.5%.““ Thus, 
ETS exposure at home is a common exposure for 
children. The exposure levels observed in our study 
are similar to those found in other investigations.' 0 
Based on the median ETS exposure levels deter¬ 
mined fay different methods, we found that children 
from smoking homes are 3.8-11.4 times more 
exposed to ETS than children from nonsmoking 
homes (Table 2). For adults, these ratios were 
slightly lower (2.7—6.4). ETS exposure levels for 
children and adults from, smoking homes were not 
significantly different. Comparison of cotinine-de- 
duced ETS exposure levels presumes similar half- 
lifes of cotinine in children and adults. We assume 
that the half-life of cotinine for children aged 4-15 
years is comparable to that of adults (16+ years) in 
our study. 25 ' On the other hand, adults from 
nonsmoking homes tended to show higher ETS 
exposure than children from nonsmoking homes. 
For the nicotine concentration on the personal 
sampler this difference was significant. This reflects 
the fact that for adults from nonsmoking homes, ETS 
exposure at the workplace and during leisure time 
outside the home plays an additional role. 

In other studies, the ETS exposure ratio between 
children from smoking and nonsmoking homes was 
reported to be about three. ! ’~ !,,zo In some investiga¬ 
tions this ratio was found to exceed I0.* ,517i ° ,z! 

We found a significant correlation between the 
measured ETS exposure markers (nicotine on 
personal samplers, cotinine in saliva and urine) 
and the self-reported extent of ETS exposure 
(duration of exposure per day, intensity of exposure) 
(Table 3). Correlations were found to be stronger for 
children than for adults. A probable explanation for 
this finding is that children’s exposure to ETS 


occurred almost exclusively at home, whereas 
adults were exposed at various places, which 
appears to be more difficult to be estimated by the 
subject, It is interesting to note that the self-reported 
intensity of ETS exposure does not improve the 
correlation for adults and even weakens the correla¬ 
tion for children. This Ending is in contrast to 
studies, which showed that subject’s perception of 
the smokiness at home was an independent indica¬ 
tion of ahigh urinary cotinine level. 5 - Z3 According to 
our results, the reported duration of ETS exposure in 
hours per day is sufficient as a predictor for the 
objectively measurable ETS exposure. 

Our results suggest that the methods applied by us 
are almost equally goad for the assessment of 
children’s exposure to ETS. With respect to ques¬ 
tionnaire data, the smoking status of the home and 
the reported hours of ETS exposure per day axe the 
strongest predictors. Assessing the subject’s percep¬ 
tion of the intensity of the ETS exposure does not 
improve the agreement with the measurable expo¬ 
sure markers. Practical considerations should pre¬ 
vail when selecting suitable ETS exposure markers 
in studies withchildren. Collection of spot urine and 
saliva samples for cotinine measurements is non- 
invasive and easy to perform with children. Accord¬ 
ing to our experience, wearing a personal sampler 
for nicotine over several days may be problematic 
with children. As already recommended by other 
authors, 2 applying a combination of different 
methods could he often the hest approach. 

Our results on the benzene exposure of children 
show that the smoking status of the home is only a 
weak predictor (Table 4). Living in an urban home 
appears to be more important for the benzene 
exposure. This finding is in line with an investiga¬ 
tion showing that benzene concentrations in chil¬ 
dren’s bedrooms were not significantly different 
between smoking and nonsmoking homes. 38 The 
authors stated that traffic exhausts and redecora- 
tions were the main contributors to indoor benzene 
levels. In another study, 30 children living in urban 
areas were found to have higher benzene blood 
concentrations than children living in rural areas. 

Taken together, we conclude that for children 
aged 4-15 years, the home is the most important 
source of ETS exposure. The extent of ETS exposure 
can best be assessed by a combination of self- 
reported duration of ETS exposure per day and 
cotinine measurements in saliva or urine. When 
evaluating exposure or effects of ubiquitously 
occurring toxicants, such as benzene, other sources 
have to be considered as well. 
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